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‘Preliminary haghetic, seiSmié,»and.bethographic‘1nvestigatiens
of a posstble‘igneous dike at the Rocky Mountain Arsenal,
| Denver, Co]drado |
| By .
C. H. M111er, J. K. Odum, R ‘M. L1ndva11 and D. S.'CollinSl
Introduct1on . ] /
‘ During the course of geo]og1c consu]tat1on at the Rocky Mountaln Arsena]
N P. T1nofeef T.E.S.T., Inc., Bou]der, Co]o., reported a vert1ca1 east-
west- trend1ng tabu]ar body, embedded 1n fine- grawned clast1c rocks, that is
" possibly an 1gneous d1ke. The tabu]ar body, about 25 cm tthk crops out in
~one side of a sma]l borrow pit and extends at 1east 30 m beyond the p1t. The:
"dike" 1is s]1ght1y harder than the ‘surrounding c]ast1c rocks whlch are paxr'tbfi
derived from volcanic rocks, and contains m1nera1s that are common to both |
.ntru;we" and extrusive volcanic rocks as well as volcamc-demved .
sedimentary rocks; it compos1t1on opens ‘the possibility that the vert1ca]
tabular body m1ght be e1ther a clastic (sed1mentary) dike (Pett1John, 19/5) or
an 1gneous dike. Clastic: d1kes are usually "slurr1es of sediments 1nJected
under re]atlvely high hydrostat1c pressure. 1nduced e1ther by the dynan1c

pressures of an earthquake or by re]at1ve1y static pressures. C]ast1c dikes

- may a]so be formed as a filling in a des1ccat1on crack. -




If the tabu]ar body is an intrusive igneous d1ke its source may possibly

.as deep as the basement rocks of Precambman age, which are about 4 km in
depth at the arsenal. The poss1b1]1ty that such an intrusive Igneous dlke
might bé‘continuous upward from the basement to the ground surface concerns
tﬁe geologists'ofAthe Contamination and Migration Branch at the Arsenai. . Such
'a d1ke might be so 1mpermeab1e that it could form a Iaterallg;rrler to  -
'migratxng ground water. . Converse]y, it cou]d be so perweable that 1t would
"fbnn an aquifer. |

In the spring of 1979, the authors were invited to conduct geophysical

survays in the area in conjunction with other studies. On April 17 and 18,

‘both magnetic and seismic-refraction surveys were performed. In addition,
hand samples viere examined and tested at the site for magnetic properties, and

a2 map of the area was prepared.

. The preliminary geoph_ys1ca1 tests showed that the rocks of the d1ke had

neither magnet1c nor-se1sm1c-ve1oc1ty contrasts with the surrounding volcanic-

rich sedimentary rocks. 'These‘daté tehd to indicate a nonigneous o;igin for
the dike. Furthernore the authors are not aware of any .gneous 1ntrus1ons 1n
the Denver area that are more than a few kilometers east of Lhe mountains and
this would suggest that the dike seems to be out of its geologic

 environPent._ Petrdgraphic'evidence described by D. S. Coilins, F. M. Byers,
Jr., and others of the USGS (U.S. Geological Survey), however, indicates that
 the dike is of volcanic 1gneous or1gjn, but we submit that the petrograpﬁiC'

' evidente can also be duplicated by a clastic dike. We, therefore, tentatively

conclude that the body is a clastic dike.
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| . - Stephen P. Kamzay of the USGS a1ded the surveys on a part-tIme basis and
~ both Kanizay and R. P. Hoblitt, USGS prov1ded gu1dance. -Witnesses to the
_ surveys included B. L. Anderson, Gregory Ward, and W. Trautmann of the 1
\ Contam1natlon and Migration Branch of the U S. Arny staff at the Arsena] ‘ﬁé
- F. Bopp of the U. S Army Corps of Eng1neers, waterways Experlment Stat1on at
V1cksburg, Miss.; and J. C. Romero of the Water Qesources Division of the o
State of Colorado. | | o
o | ‘ The s1te L N
Figure 1 shows the S1te of the poss1b1e d1ke, the d1ke is located in the .
~ center of sec. 35, T. 2 S., R. 67 W., in the Sable quadrang]e. The d1ke 1s -

about 25 cm thick, is essent1a11y vert1ca1, and str1kes near]y due east. ‘It

is exposed on the east side of the borrow pit and can be traced eastward for ‘

P R R B e e

about 30 m.
. . Bedrock in the site area consists of a fine-grained, calcareous

sandstone, some of which is tuffaceous, as’Well as si]tstone; shale, and

claystone of the Denver (Pa]eocene and Upper Cretaceous) and Arapahoe (Upper

. Cretaceous) Format1ons. The bedrock is capped by Verdos A]]uv1um

(P1e1stocene), consisting of a poor]y sorted gravel that contalns 1enses of

clay, silt, and sand. Much of the Verdos Alluvium and some of the bedrock has

~ been excavated at the borrow p1t. A thin veneer of w1ndbiown sand and silt

may overlie either or both the Verdos Alluvium and bedrock. |
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Figure 1. --Topographic map and location of data points vand lines at the site
of a possible dike, Rocky Mountain Arsenal, Denver, Colorado.
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‘The authors are not'aware of any igneous intrusions in the Denver area 4
t’t are more than a few kilometers east Of the mountains. Harms (1965) ' |
‘resorted clast1c dikes wh1ch are associated with major reverse fau]ts along
the Rocky Hountaln Front. The dikes trend:north.w1th'generally the sane»

'str1xe and d]p as the Laramide faults, and the dikes are, Lherefore, probab]y.

_also.Léramide in age. The d1kes are mostly emp]aced in rocks that are

Precanbfian in age. The dikes are composed of nearly pure quartz sandstones

S ey - e

- whose comcos1t1on c1ose]y resemb]es the friable Cambrian Sawatch sandstone,

- which is strat1graph1ca]]y many thousands of feet below the ground surface. .
*'Gran:Le fragments and quartz gra1ns in the d1kes are well oriented with thesr 
1ong.aXes lying pafal]e] to the dip directions of tne dikes. Harms conc]udes 
~that the grain orientation definitely nfecludes fi]fing by gra?ity fall of
individual gréins into an open f1s5ure. |
| ‘ ‘- o o | Magnetic surveys |
| ‘A survey of total magnetic intensity was conducted using a portable
proton magnetometer along Tines A-D (fig. 2).‘ Readings were recorded at l—m‘
Aintervéis with the sensor at a constant height of about 2,1 m above the
ground. Individua] readings of total magnetic intensity were obtained to an
accuracy of about + Qamma (1 nanotesla). The data were converted to a base
value of 55,410.0 gahmas, which is representative'of the field at the site..
Base readings were repeated within 15 minutes of the'initial reading at an
éccuraey df_iZ gammas,‘and this base dnift was linearly distributed over the

station readings.
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The maximum magnetic change along the co]lect1ve Tines A-C is about 350
‘mas within a di stance of 15 or 20 m. There is no indication, however that
the dike is 1nf1uenc1ng the magnet1c f]eld On the contrary, the gradients
.are near]y para]le] to the strlke of the dike, shereas the gradtents wou]d be
rore perpendicular to it if the d1?e were influencing then. There is a
magnetic anomaly along line D at about vhere the dike iskprojected, but-the'
‘anomaly is about a 150 ~gamma 1ow, compared to the rest of Ixne B. An'igneous
d1ke is expected to produce a pos1t1ve anona]y. :
The max imum magnet1c anoma]1es at the site are (1) at the 1ntersect1on of
lines B and C, and (2) on 11ne D at about 30 m. Each of these anomalies can
rresunab]y be exp1a1ned by relatively rapid ]atera1 changes in magnetite
content in the many lenses of the Denver and Arapahoe Forrattons._ Neasure—
rents of the magnetic suscept1b111t1es of host rock samples yielded values
"that range from 10'6't0'near]y 1073 cgs. Latera] susceptib]e contraets of .~
this magnitude at the edge-of a "horizontal slab of relatfveTy great thickness
~‘and~breedth," tor example, wouid produce an anomaly of ebout 350 gammas
{Briener, 1973, p. 28).
| Tests for nagnet1sm vere perforned on the hand samples from the Tocatlons
.rdacated by figure 2. The tests were done with the same portable magnetom-
eter used in the ground magnetic survey, using technicues descrlbed by Briener
(1073) These techn1ques do not have the precise controls of a laboratory
reascrenent but the samp]e sizes are relatively large and we believe the

accuracy of the field measurements may approach thoselmade in the 1aboratory.




e The magnitude of¢the'remanent and‘induoedlmaénetisn ano magnetic suscep-‘
A’o_ﬂ'ities of the divke.rocks are compared with those of the "nondike" rocks in
'figure-3b._ There is 11tt1e difference in the range. of magnetIsm or of suscep- .
t1b111t1es between the two 11tho]og1es.  The nagnet1zat1on and suscept1b1]1ty
lof each rock type range from 10© 6 to 10‘3 cgs un1ts, but most are about 10~ -5
cgs un1ts.' . | -

. The magn1tudes of remanent and induced magnet1sn of the sedTmentary roeks
at the Arsenal (f1g. 3b) are also p]otted a]ong with representatlve va]ues of

net magnet1sm of various other rock types (f]g. 3a) Remanent and 1nduced

' magnet1sm are components of net magnet1sm, but the d1rect1ons of the magnet1sm =

cf the rocks at the Arsena] are unknown and they are, “therefore, only
approx1mate1y comparab1e w1th the representat1ve net nagnet1sm of the rocks
shown in figure 3a. - Any comb1nat1on of measurements of remanent and 1nduced '
.gnemsm of the rocks at the- Arsena] site is about m1dway between ‘the net
magnetism shown for clastxc rocks and that for the nonwe]ded tuffs of f1gure' .
3a. These preliminary magnet1c data show that the dike rocks do not exh1b1tfh
,thelievel of magnetism assoc{ated with intrusiyeAigneous rocks.’ | :
| | _‘ Se1sm1c survey
F1gure 4 shows the trave1t1me graphs and" ve’oc1t1es of three se1sm1c

']1nes ‘that were surveyed over the dike. Two of fhe lines are each 20 m long
and together they constitute 40 m'of Tine A (fig. 1), wh1ch 1s 60 m 1ong.
These two 11nes are essent1a11y perpend]cular to the d1ke. The th1rd se1sm1c
.11ne (tine E of flg. 1) is 9 m long on top of the dike and para]]eT to its
| strike.. Background noise from aircraft nearby Industry, and winds: gustlng to

60 km/h hampered the survey of all three se1sm1c 11nes.
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Seismic velocities at the site range from about 360 to 1280 m/s. - The

‘ism‘c h‘ne that exf.ends from 0 to 20 m along line A exhibits ’nonuniform'

ve10c1u1es that are probab]y attr1butab1e to d1sturbed ground and topograph1c
1re11ef rather than to the influence of the'd1ke. The maximum velocities of
.the dike rocks along line E everage about 950 m/s. These velocities of the
dike'rock are about intermediate in the whole rehge.of velocities at the site
~and no‘seismic-velocity‘COntrast is apparent between the dike and fhe clastic
rocks. | | |
The cohpreesibnal—wave re]ocities of clastic rocks at the Arseﬁa} site

" are compared to the’velocitieé.of other c1astic rocks, both in the Powder

River Basin of Hyon1ng and in other areas away from the basin (Miller, 1979),

in figure 5. The ve10c1t1es obta1ned for clastic rocks at the Arsenal site-
are mosi similar to those of the “"low-velocity" layer of near-surface clastic

OCKS (Tertiary in age)lin the Powder River Basin. The seismic ve]bcfties of
the.dike rocks are rafher Tow compared to those of volcanic tuffs in ffgure 5.

| Petrographic ana1y51s
Three th1n sections of the dike rock and one of the clastic rocks at some

~d1>tance froq the dike were exam1ned by D. S. Collins and F. M. Byers Jr., of
the USGS. The rock types 1nterpreted from each thin sect10n are summar1zed in
table 1 and the sample numbers are keyed to locations shown in f1gure 1. |
Byers b°11eves the dike rocks were emplaced from an ignecus source. Because
of strong parallel orientation of mica crystals, he also believes that‘fhé
rocks Qere transported in a liquid-crystal phase. He ccncedes, however, that
parallelism Cou]d, perhaps, also be attained by waterbOrnevﬁiea grafns from a

so@rce bed of tuff at depth and under high hydrostatic pressure.

11
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Summary‘and conc]dsions
" ‘ A‘vertical tabu]ar body embedded in fine-grained, tuffaceods,calcareousv |
Sandstones, si]tstones and sha]es has been reported at the Rocky Mountain
Arsenal. The tabular body has the mlneralogy and structure of an igneous
dike, but it may also beAa cTastic dike of sedimentary origin. The |
- possibility that the body may be an igneous dike i§ of concern to the staff
: ge010g1sts at the Arsenal because 1t cou]d extend to great depth and be
‘impermeable enough to provxde a barr1er to 1atera]]y m1grat1ng ground water
or, conversely, it cou]d be re]at1ve1y permeable and prov1de an aqu1fer.vb‘
Hand samples were ‘tested in the field for magnet1c properttes. The
results indicated no apprec1ab1e magnet1c contrast between the d1ke and
surrounding vp]canic-rich clastic rocks. ThIS range of magnetic proPert‘éS.y -
for either rock tyae:is about intermediate betneenfthe magnetism of
'sed1nentary and tuffaceous rocks but the range is be]on the 1eve1-of
.magnet1sm assoc1ated with 1ntrus1ve 1gneous rocks. Magnetic surveys were also
: conducted over the dike, but no magnetic anomalies viere associated with the
dike. Anomalies that were_feund away from the dike are thought to be Caueed
:by“the lateral and near-surface variations in nmagnetite concéntration |
associated with the many 1enses present 1in the clastic rocks.~

Se1sm1c—veloc1ty surveys were a1so conduc ed both over the d1ke and away

from it. These pre]iminary near-surface ve10c1ty surveys 1nd1cate no velocity

contrast between the dike and surrounding clastic rocks. Any of the |
“velocities that were measured at the site are more typ1ca1 of a weathered

layer of c]astic'rocks than of the nonweathered 1ayer. The seismic velocities
- of the dike are rather Tow when compared to representative velocities bfi" |

_nonweathered vo]can1c tuffs and very ]ow compcced to velocities of intrusive

‘ 1gneous rocks. -
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" Not on]y do the magnetic and seismic data indicate that the dike isinet
.n intrusive lgneous bod_y, but an igneous dike wou]d seem to be out of its
geologic environment at the.Arsenal. The authors are not aware of any reports
-_of intrusive igneous bodies that far east from the mountalns and in the Denver
area. Nevertheless, there is strong petrographic eridence that the dfke is Pf
a volcanic 1gneous or1g1n because of its m1nera1 constituents and para11e11sn :
of its grains. We submit, however, that these petrograahlc parameters can be
dupl1cated by a clast1c dike. Previously dEPOSTted volcanic-rich sedlments
. from below could conce1vab1y have been mobilized by pore—water pressures that‘
exceeded overburden pressures and these sed1rents cou]d have been emp]aced
upward into a vertwcal fracture. We tentatively conclude that the tabulare~
body is a c1ast1c dike, but that further evidence must be presented before
final conclusions can be drawn.
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